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Description 



Peptides For Use in Vaccination 
and Induction of Neutralizing Antibodies 
Against Human Immunodeficiency Virus 
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Background of the Invention 

The present invention relates to peptides suitable 
for use in vaccination against AIDS. 

The human immunodeficiency virus (HIV) is respon- 
sible for the disease that has come to be known as 
acquired immune deficiency syndrome (AIDS) . Although 
initially recognized in 1981 , no cure has yet been 
found for this inevitably fatal disease. HIV is spread 
by a variety of means such as sexual contact, infected 
blood or blood products and perinatally. Due to the 
complexity of HIV infection and the paucity of 
effective therapies, eradication of AIDS will most 
likely occur by preventing new infections rather than 
curing those persons already infected. To this end a 
great deal of effort has been expended in developing 
methods for detecting and preventing infection. 
Diagnostic procedures have been developed for 
identifying infected persons, blood and other 
biological products. 

Like most viruses, HIV often elicits the 
production of neutralizing antibodies, unlike many 
other viruses and other infectious agents for which 
infection leads to protective immunity, however, HIV 
specific antibodies are insufficient to halt the 
progression of the disease. Therefore, in the case of 
HIV, a vaccine that elicits the immunity of natural 
infection could prove to be ineffective. In fact, 
vaccines prepared from the HIV protein gpl60 appear to 
provide little immunity to HIV infection although they 
elicit neutralizing antibodies* The failure to produce 
an effective anti-HIV vaccine has led to the prediction 
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that an effective vaccine will nn f v,« ^ 

^ ine W1 - L1 not be available until 
the end of the 1990 's. 

The HIV genome has been well characterized. its 
approximately 10 Kb encodes sequences that contain 
regulatory segments for HIV replication as well as the 
^g, ESI and env genes coding for the core proteins, 
the reverse transcriptase-protease-endonuclease, and 
the internal and external envelope glycoproteins 
respectively . 

The HIV env gene encodes the intracellular glyco- 
protein, gpieo, which is normally processed by 
proteolytic cleavage to form gpi 20 , the external viral 
glycoprotein, and gp41, the viral transmembrane 
glycoprotein. The gpi 20 remains associated with HIV 
virions by virtue of noncovalent interactions with 
9P41. These noncovalent interactions are weak 
consequently most of the gpi 20 is released from cells 
and virions in a soluble form. 

Previous studies have shown that the proteins 
encoded by the ^ and especially the m reg ions of 
the HIV-i genome are immunogenic since antibodies to 
the products of the aag and env genes are found in the 
sera of HIV infected, AIDS and ARC ( "AIDS Related 
Condition") patients. 

ob^ ^T PreVi ° USly been sh °™ that some antibodies 
obtained from sera of AIDS and ARC patients, as well as 
asymptomatic individuals infected with the virus are 
specific to gpi20 and ^i 60 . Occasionally these 
antibodies are neutralizing. The envelope 
glycoproteins are the HIV-i antigen most consistently 
recognized by antibodies in AIDS and ARC patient serl. 

A^tlLd " Maj ° r GlyC ° Pr0tein ^igens that Induce 

Antibodies in AIDS Patients are Encoded by HTLV-ni" 
science, 228 : 1091-1094 (1985); and Barin et al., -virus 
Envelope Protein of HTLV-lii Represents Major Target 

2T?oo/° r Antib ° dieS in AIDS ^tients", science, 
228:1094-1096 (1985). i„ addition, antibodies in 
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patient sera also recognize epitopes of the viral core 
proteins encoded by the aaa gene. 

Immunologically important HIV-l antigens for use 
in diagnosis and as potential vaccine compositions have 
5 been prepared by cloning portions of the HIV-l genome 
in various expression systems such as bacteria, yeast 
or vaccinia. Cabradilla et al., "Serodiagnosis of 
Antibodies to the Human AIDS Retrovirus With a 
Bacterially Synthesized env Polypeptide", 

10 Biotechnology, 4:128-133 (1986); and Chang et al., 

"Detection of Antibodies to Human T-Cell Lymphotropic 
Virus-Ill (HTLV-III) With an Immunoassay Employing a 
Recombinant Escherichia coli - Derived Viral Antigenic 
Peptide", Biotechnology, 3:905-909 (1985). HIV-l 

15 antigens produced by recombinant DNA methods, however, 
must still be exhaustively purified to avoid adverse 
reactions upon vaccination and false positive reactions 
in ELISA assays due to any antibody reactivity to 
antigens of the expression system which may contaminate 

2 0 the HIV-l antigen preparation. Also, denaturation of 
HIV-l antigens during purification may destroy 
important antigen activity* Preparation of proteins 
from intact viruses can also result in contamination by 
intact virus. 

25 Several publications have presented data showing 

immunologic reactivity of selected synthetic peptides 
corresponding to antigenic proteins of HIV-l. In one 
study, a peptide having the amino acid sequence 
Tyr-Asp-Arg-Pro-Glu-Gly-Ile-Glu-Glu-Glu-Gly-Gly-Glu- 

30 Arg-Asp-Arg-Asp-Arg-Ser-Gly-Cys which corresponds to 
amino acid residues 735-752 of HIV-l was synthesized. 
Kennedy et al. , "Antiserum to a Synthetic Peptide 
Recognizes the HTLV-III Envelope Glycoprotein", 
Science, 231:1556-1559 (1986). This peptide, derived 

35 from a portion of gp41, was used to immunize rabbits in 
an attempt to elicit a neutralizing antibody response 
to HIV-l. Furthermore, several sera from AIDS patients 
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known to contain anti-g p4 l antibodies were weakly 
reactive with this peptide, thus indicating that this 

sot! V S ^ leMt ~ epit °^ cognized, to 

see extent, by antibodies to native gp 16 0 /g p41. 
However, this peptide has not been shown to^licit 

™ ! ; n ! an " b0dies in — 1- other than rabbits 
nor has »t been suggested for use as a human vaccine. 

Summary of t h f r .., 7n1 . jBr| 

oen tf r a ° COr<ianCe Vith th * I*—* invention, nove! 
peptides corresponding to epitopes of HIV-l gp 120 
protein and analogues and homologs thereof are 
provided These peptides can be utilized alone or in 
cognation, uncoupled or coupled to other molecules or 
substrates. The peptides are useful in immunization 

rlsT T infeCti0n ' ° f * ^ntened immune 

response to HIV and in production of polyclonal and 
monoclonal antibodies. 



20 



25 



30 



35 



Detailed Descri ption of th» 

been T* T?*"* * rovid *s Peptides which have 

been found to elicit production of HIV neutralizing 
antxbodxes by primate subjects. The peptides 
correspond to regions of the gp 120 protein with 

rsvnth!t eS T ^ et al " "^i-ru. to 

a Synthetic Peptxde Recognizes the HTLV-m Envelope 
Glycoprotein", science, 231:1556-1559 (i 986) . Th / 
peptxdes of the present invention are te^ed gpi 20 -i 2 
(amxno acid coordinates 159-1 83) , wiao . l5 (amino ac±d 
coordinates 20 o. 225 , , gp 120 . 16 (aminQ acid coordinates 
213-237) and gpi20-l9 (amino acid coordinates 255-276) 
Although peptide gpi 20 -i9 is similar ^ a ^ > ' 

TlSSsT tT ibed ^ SCienCe ' "9:1021-1023 

nZl ' ^ bSen f ° Und that W120-19 elicits 

neutralxzxng antibodies in prixuates. The peptides of 
the present invention can be used as immunogens in 
vacexne compositions and to elicit polyclonal or 
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monoclonal antibody production; particularly important 
are HIV neutralizing antibodies. 

Proteins contain a number of antigenic deter- 
minants or epitopes which are the regions of the 
5 proteins comprising the recognition and binding sites 
for specific antibodies. In general, proteins contain 
between 5 to 10 epitopes, each of which contains a 
sequence of 6 to 8 amino acids. Epitopes can be either 
continuous, in which the 6 to 8 amino acids are present 

10 in linear sequence, or discontinuous, in which the 

amino acids that form the epitope are brought together 
by the three dimensional folding of the protein. Even 
though an epitope constitutes only a relatively few 
amino acids, its reactivity with an antibody may be 

15 influenced by the amino acids in the protein which 
surround the epitope. 

Studies aimed at mapping antigenic sites or 
epitopes of proteins have been aided by the use of 
synthetic peptides corresponding to various regions of 

20 the proteins of interest, Lerner et al., in, The 

Biology of Immunological Disease: A Hospital Practice 
Book, (Dixon and Fisher, eds.) pp. 331-338 (1983); and 
Lerner, Adv. Immunol., 36:1 (1984). In addition to 
their usefulness in epitope mapping studies, synthetic 

2 5 peptides, if encompassing major antigenic determinants 

of a protein, have potential as vaccines and diagnostic 
reagents. Van Regenmortel, Ann. Inst. Pasteur/ Virol 
137E:497-528 (1986); and Van Regenmortel, Laboratory 
Techniques in Biochemistry and Molecular Biology, 

3 0 Buroden and Van Knippenburg eds. Vol. 19, Synthetic 

Peptides as Antigens, Elsevier ISBN 0-444-80974-0 
(1988) . 

Synthetic peptides have several advantages with 
regard to specific antibody production and reactivity. 
35 The exact sequence of the synthesized peptide can be 

selected from the amino acid sequence of the protein as 
determined by amino acid sequencing of the protein or 
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the predicted amino acid sequence determined from the 
DNA sequence encoding the protein. The use of specific 
synthetic peptides eliminates the need for the 
full-length protein in vaccination and the production 
of or assay for antibodies. Furthermore, the solid 
phase peptide synthetic techniques of Merrifield and 
coworkers allow for essentially unlimited quantities of 
the synthesized peptide of interest to be chemically 
produced. Erickson and Merrifield in The Proteins, 3rd 
Edit., Vol. 2, Academic Press, New York, Chapter 3 
(1975). The availability of automated peptide 
synthesizers has further advanced such techniques. 

Although a variety of criteria can be used to 
predict antigenic regions of proteins, peptides corres- 
ponding to such regions may not always be useful as 
vaccines. For example, antigenicity may be lost 
because the peptide is not in the proper spatial 
onentation to be recognized by antibodies which react 
with the protein. it has also been found that certain 
peptides derived from type C retroviruses and HIV act 
as immune-suppressive agents much as HIV itself. 
Cianciolo et al., j. Immunol., 124:2900-2905 (1980)- 
and Cianciolo et al. , Proc. Natl. Acad. Sci. USA, 
230:453-455 (i 985 ). Peptides such as these, which have 
an adverse effect on the patient, would not be suitable 
for use as vaccines. 

Furthermore, as is particularly evident with HIV-i 
and HIV-2, there is significant genetic variability 
within each of these two virus groups leading to many 
serotypes, or isolates, of the viruses. This has put a 
significant constraint on choosing a region of a 
protein from which to derive a peptide for use in 
formulating immunogens. However, certain 
immunodominant portions of HIV-i and HIV-2 proteins 
have been found to be relatively invariant. Synthetic 
peptides may also be key to viral vaccines in that they 
may induce an immune response against common sequences 
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not normally immunogenic in the native molecule. These 
otherwise silent epitopes may be of broad protective 
specificity. Stevard et al., Immunol, Today, 8:51-58 
(1987) . Several experimental vaccines have been formu- 
5 lated with the aim of preventing infection in those 
people who are likely to be exposed to the virus. 
Berman et al., "Protection of Chimpanzees from 
Infection by HIV-1 After Vaccination With Recombinant 
Glycoprotein gpl20 but not gpl60", Nature, 345:622-625 
10 (1990) . 

Synthetic peptides corresponding to regions of 
immunologically important proteins of HIV have now 
found immediate use in diagnostic methods for detection 
of HIV, as potential vaccines for HIV and for the 
15 production of polyclonal and monoclonal antibodies. 

A number of neutralization epitopes on gpl20 have 
been found and defined by several investigators, for an 
overview see Bolognesi, AIDS, 3 (suppl l):Slll-sll8 
(1989) . In his overview Bolognesi refers to four 
20 different virus neutralization epitopes with the 

following amino acid coordinates: 254-274, 303-337, 
458-484 and 491-523. The peptide with amino acid 
coordinates 254-274 was used to immunize rabbits and 
the resulting antiserum was found to neutralize HIV-1 
25 as described above. 

The peptides encompassed by the invention comprise 
amino acid sequences each containing at least one 
continuous (linear) epitope that elicits production of 
HIV specific antibodies in the immunized host. 
30 The invention thus encompasses immunogenic pep- 

tides corresponding to regions of HIV gpl2 0 protein 
encoded by the envelope gene of HIV-1 HTLV III-B 
described by Muesing et al., "Nucleic Acid Structure 
and Expression of the Human AIDS /Lymphadenopa thy 
35 Retrovirus", Nature, 313:450-458 (1985). The 

nucleotide sequence is given in Genbank Release 63 
under the name HIVPV22. The invention further 
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encompasses functionally equivalent variants of the 
peptides which do not significantly affect the 
immunogenic properties of the peptides. For instance 
conservative substitution of amino acid residues, one' 
or a few amino acid deletions or additions, and 
substitution of amino acid residues by amino acid 
analogues are within the scope of the invention. 

Homologs are peptides which have conservatively 
substituted amino acid residues. Amino acids which can 
be conservatively substituted for one another include 
but are not limited to: glycine/ alanine; 
valine/ isoleucine/ leucine; asparagine/glutamine; 
aspartic acid/glutamic acid; serine/threonine; 
lysine/arginine; and phenylalanine/ tyrosine. 
Homologous peptides are considered to be within the 
scope of the invention if they are recognized by 
antibodies which recognize the peptides designated 
TO120-12, gpwo-15, gpl20-i 6 and gpl20-i 9 the sequences 
of whxch are shown below. Further, all homologous 
peptides corresponding to the peptides of the present 
invention but derived from different HIV isolates are 
also encompassed by the scope of this invention. 

Analogues are defined as peptides which are 
functionally equivalent to the peptides of the present 
invention but which contain certain non-naturally 
occurring or modified amino acid residues. 
Additionally, polymers of one or more of the peptides 
and peptide analogues or homologs are within the scope 
of the invention. Also within the scope of this 
invention are peptides of fewer amino acid residues 
than gpl20-i2, gpi20-l5, gpi20-i 6 and gpl20-i9, 
respectively, but which encompass one or more ' 
immunogenic epitopes present in any one of the peptides 
and thus retain the immunogenic properties of the base 
35 peptide. 

The peptides were synthesized by known solid phase 
peptide synthesis techniques. Merrifield and Barany, 
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The Peptides: Analysis, Synthesis, Biology, Vol, 1, 
Gross and Meinenhofer, eds., Academic Press, New York, 
Chap. 1 (1980) . The synthesis also allows for one or 
more amino acids not corresponding to the original 
5 protein sequence to be added to the amino or carboxyl 
terminus of the peptide. Such extra amino acids are 
useful for coupling the peptides to another peptide, to 
a large carrier protein or to a solid support. Amino 
acids that are useful for these purposes include but 

10 are not limited to tyrosine, lysine, glutamic acid, 
aspartic acid, cysteine and derivatives thereof. 
Additional protein modification techniques may be used, 
e.g., NH 2 -acetylation or COOH-terminal amidation, to 
provide additional means for coupling the peptides to 

15 another protein or peptide molecule or to a support. 

Procedures for coupling peptides to each other, carrier 
proteins and solid supports are well known in the art. 
Peptides containing the above-mentioned extra amino 
acid residues either carboxy or amino terminally, 

2 0 uncoupled or coupled to a carrier or solid support are 
consequently within the scope of the invention. 
Reference to the peptides of the present invention 
encompasses all of the embodiments discussed herein. 

An alternative method of vaccine production is to 

25 use molecular biology techniques to produce a fusion 
protein containing one or more of the peptides of the 
present invention and a highly immunogenic protein. 
For instance, fusion proteins containing the antigen of 
interest and the B subunit of cholera toxin have been 

30 shown to induce an immune response to the antigen of 
interest. Sanchez et al., "Recombinant System For 
Overexpression of Cholera Toxin B Subunit In Vibrio 
cholerae as a Basis for Vaccine Development", Proc. 
Natl. Acad. Sci. USA, 86:481-485 (1989). 

35 The novel peptide sequences are set forth below. 

The amino acid residues are derived from the nucleotide 
sequence previously described by Muesing et al., 



BNSDOCID <WO 9205800A1> 



WO 92/05800 




PCT/SE91/00641 



15 



Nucleic Acxd Structure and Expression of the Human 
AIDS/Lymphadenopathy Retrovirus", Nature, 313:450-458 
(1985) . it is preferred that the peptides possess an 
amxdo group at their carboxy termini rather than a 
carboxyl group. The carboxy terminus can also be a 
carboxyl group as well as a moiety described below. 

gpl20-12 

X-Gly-Glu-Ile-Lys-Asn-Cys-Ser-Phe-Asn-Ile-Ser-Thr- 
Ser-Ile-Arg-Gly-Lys-Val-Gln-Lys-Glu-Tyr-Ala-Phe-Phe-Y-Z 

10 gpl20-15 

X-Leu- T hr-Ser-Cys-A S n-Thr-Ser-v al - Ile - Thr . Gln . Ala 

Pro-Lys-Val-Ser-Phe-Glu-Pro-Ile-Pro-He-Hxs-Tyr-Cys-v-z 

gpl20-16 

X-Pro-Lys-Val-Ser-Phe-Giu-Pro-He-Pro-He-His-Tyr-Cys- 
gpl20-19 

X-Thr-His-Gly-iie-Arg-Pro-Val-Val-Ser-Thr-Gln-Leu- 
Leu-Leu-Asn-Gly-Ser-Leu-Ala-Glu-Glu-Glu-Y-Z 

wherein X is either a hydrogen atom of the amino 
20 terminal NH 2 group of the peptide or an additional amino 
acxd bexng selected to facilitate coupling of the 
peptide to a carrier; Y is absent or Cys; and Z is the 
carboxyl group of the carboxy terminal amino acid or an 
amxdo group. The amino acid abbreviations used are 
defined in Table 2. 

The peptides are useful as vaccines to protect 
against future infection by HIV or to heighten the 
xmmune response to HIV in subjects already infected by 

30 ^ lth ° U9h My human sub 3ect could be vaccinated 

30 vxth the peptides, the most suitable subjects are 
people at risk for HIV infection, such subjects 
include but are not limited to homosexuals 
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prostitutes, intravenous drug users and those in the 
medical professions who have contact with patients or 
biological samples. The invention also provides 
monoclonal and polyclonal antibodies which specifically 
5 recognize the peptides. The invention further provides 
antibodies which neutralize HIV. 

In the preferred embodiment of the present inven- 
tion, the peptides are formulated into compositions for 
use as immunogens. These immunogens can be used as 
10 vaccines in mammals including humans or to elicit 

production of polyclonal and monoclonal antibodies in 
animals. For formulation of such compositions, an 
immunogenically effective amount of at least one of the 
peptides is admixed with a physiologically acceptable 
15 carrier suitable for administration to mammals 

including humans. The peptides may be covalently 
attached to each other , to other peptides, to a protein 
carrier or to other carriers, incorporated into 
liposomes or other such vesicles, and/ or mixed with an 
20 adjuvant or adsorbent as is known in the vaccine art. 

For instance, the peptide or peptides can be mixed with 
immunostimulating complexes as described by Takahashi 
et al., "Induction of CD8+ Cytotoxic T Cells by 
Immunization With Purified HIV-1 Envelope Protein and 
25 ISCOMS", Nature, 344:873-875 (1990). Alternatively, 
the peptides are uncoupled and merely admixed with a 
physiologically acceptable carrier such as normal 
saline or a buffering compound suitable for 
administration to mammals including humans. 
30 As with all immunogenic compositions for eliciting 

antibodies, the immunogenically effective amounts of 
the peptides of the invention must be determined 
empirically. Factors to be considered include the 
immunogenicity of the native peptide, whether or not 
35 the peptide will be complexed with or covalently 

attached to an adjuvant or carrier protein or other 
carrier and route of administration for the 
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composition, i.e. intravenous, intramuscular, 
subcutaneous, etc., and the number of immunizing doses 
to be administered. such factors are known in the 
vaccine art and it is well within the skill of 
xmmunologists to make such determinations without undue 
experimentation . 

The invention is further illustrated by the 
following specific examples which are not intended in 
any way to limit the scope of the invention. 

Example i 
Peptide syn thesis; 
An Applied Biosystems peptide-synthesizer Model 
430A, was utilized for the synthesis of the peptides of 
the present invention. Each synthesis used a 
p-methylbenzylhydrylamine solid phase support resin 
(Peptxdes international, Louisville, KY) . The peptides 
were synthesized according to the Users Manual for 
Peptide Synthesizer Model 430A, Applied Biosystems, 
1986 • 

All amino acids for use in synthesis contained 
t-butylcarbonyl groups (t-Boc) protecting the a-NH 2 
group and were obtained from Novabiochem AG 
Switzerland. Amino acids with reactive side chain 
groups contained additional protective groups to 
prevent unwanted and undesirable side chain reactions. 
The xndividual protected amino acids used in 
synthesizing all of the peptides are set forth in 
Table 1. 
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Table 1 



Amino Acids Used in Peptides Synthesis 
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Boc-Ala-OH 

Boc-Arg ( Tos ) -OH 

Boc-Asn-OH 

Boc-Asp ( Obz 1 ) -OH 

Boc-Cys ( Pmeobz 1 ) -Oh 

Boc-Glu ( Obz 1 ) -OH 

Boc-Gln-OH 

Boc-Gly-OH 

Boc-His-(Tos)-OH 

Boc-Ile-OH"l/2 H 2 0 

Boc-Leu-OH~H 2 0 

Boc-Lys (2-CI-Z)-OH (cryst.) 

Boc-Met-OH 

Boc-Phe-OH 

Boc-Pro-OH 

Boc-Ser (Bzl) -OH^DCHA 
Boc-Thr (Bzl) -OH 
Boc-Trp ( Formy 1 ) -OH 
Boc-Tyr (2-Br-Z) -OH 
Boc-Val-OH 



Tos: Tosyl or p-Toluene sulfonic acid 

Obzl = Benzyloxy 

Pmeobz 1 = p-Methylbenzyloxy 

2-CL-Z = Carbobenzoxy chloride 

2-Br-Z = Carbobenzoxy bromide 



After completion of a particular synthesis, the 
protecting groups were removed from the synthesized 
peptide and the peptide was cleaved from the solid 
support resin by treatment with Trif luoromethane 
Sulfonic Acid (TFMSA) according to the method 
described by Bergot et al. , "Utility of 

Trif luoromethane Sulfonic Acid as a Cleavage Reagent in 
Solid Phase Peptide Synthesis" , Applied Biosystems User 
Bulletin, Peptide Synthesizer, Issue No, 16, Sept. 2, 
1986. The following is the detailed protocol used. 



Anisol 1, 2-Ethane-Dithiol (2:1) was added as scavenging 
agent and the mixture was incubated with continuous 
stirring for 10 min. at room temperature. 



1. 



For 1 gram peptide-resin, 3 ml Thio- 



BNSOOCID:<WO 9205800A1> 



WO 92/05800 




PCT/SE91/00641 



10 



added ™« 2 1- Tr±flUOracetic ^id (TFA) , 10 ml, was 

cont±nuousiy <~ - - — 

3. TFMSA, 1 ml, was added <Jropwise ^ 
forceful s tirring and reaoted ^ 2S 

temperature. 

4. Following cleavage, the peptides were 
precxpxtated with and washed with anhydrous ether 

5. The precipitated and washed peptides were 
dissolved in a small volume of TFA (approximately s") 

6. The dissolved peptides were again 

preci^tT WaSh6d ^ ab ° Ve in Ste ^ 4 the 
precipitate was dried under a stream of N 2 . 

be further ^ T " ^ P6PtideS ~ 

be further purxfxed, if desi red, by reverse phase 

performance liquid chromatography (HPLC) . a 
particularly suitable column for such purification is 

^FAr erSe ; PhaSe VYdak ° C " 18 C ° 1Umn USi ^ * -*er 
20 -etonxtrile (TFA) gradient to elute the 

peptides Forty peptides were synthesized having the 
ammo acxd sequences shown in Table 2. 
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| TABLE 2 


J Peptide 


Amino Acid 
Coordinates** 


Amino Acid Sequence* 


gpl20-i 


1-28 




MRVKEK YQHLWRWGTMLGMLMI C 


gp!20-2 


22-46 




GMT .MT Qg ATEKT.WVTW VH ypywr 


gpl20-3 


40-64 




GVPVWKEATTTLFCASDAKAYDTE 


gpl20-4 


53-74 




CAS DAKA YDTEVHNVWATHAC 


gpl20-5 


64-89 




VHNVWATHACVPTDPNPOEWIiVNV 


gpl20-6 


74-100 




VPTDPNPQEWLVNVTENFNMWKNDM 


gpl20-7 


89-116 




TENFNMWKNDMVEOMHED ITS LWDO S T , 


gpl20-8 


100-126 




VEQMHED IIS LWDQ SLKPC VKLTPLC 


gpl20-9 


116-141 




KPCVKLTPLCVSLKCTDLKNDTNTN 


gpl20-io 


126-151 




VSLKCTDLKNDTNTNSSSGRMIMEK 


gpl20-ll 


141-164 




SSSGRMIMEKGEIKNCSFNISTS 


gp!20-12 


151-176 




GEIKNCSFNISTSIRGKVQKEYAFF 


gpl20-13 


164-192 




IRGKVQKE YAFF YKLDI I P IDNDTTS YT 


gpl20-14 


176-205 




YKLD I I PI DNDTTS YTLTS CNTS VITOAC 


gpl20-15 


192-218 


LTSCNTSVITQACPKVSFEPIPIHYC 


gpl20-l6 


205-230 


PKVS FEPIPIHY CAP AG FA I LKCNN 


gpl20-17 


218-247 


APAGFAILKCNNKTFNGTGPCTNVSTVQC 


gpl20-18 


230-257 


KTFNGTGPCTNVSTVQCTHGIRPWST 


gpl20-19 


247-269 


THGIRPWSTQLLLNGSLAEEE 


gpl20-20 


257-282 


QLLLNGSLAEEEWIRSANFTDNAK 


gpl20-2l 


269-295 


WIRS AN FTDNAKT 1 1 VQLNQ S VE I N 


gpl20-22 


282-306 


TIIVQLNQSVEINCTRPNNNTRKS 


gpl20-23 


295-320 


CTRPNNNTRKSIRIQRGPGRAFVTI 


gpl20-24 


306-326 


IRIQRGPGRAFVTIGKIGNMRQAH 


gpl20-25 


320-343 


GKIGNMRQAHKNISRAKWNNTLK 


gpl20-26 


326-353 


KNI SRAKWNNTLKQ I DSKLREQF 


gp!20-27 


343-366 


QIDSKLREQFGNNKTIIFKQSSG 


gpl20-28 


353-377 


GNNKTIIFKQSSGGDPEIVTHSFN 


gpl20-29 


366-389 


GDPEIVTHSFNCGGEFFYCNSTQ 
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Alanine 


Ala 


A 


Arginine 


Arg 


R 


Asparagine 


Asn 


N 


Aspartic acid 


Asp 


D 


Cysteine 


Cys 


C 


Glutamine 


Gin 


Q 1 


Glutamic acid 


Glu 


E 


Glycine 


Gly 


G 


Histidine 


His 


H 1 


Isoleucine 


He 


I 1 



*Amino acid abbreviation 



As previously described by Muesing et al. 
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Example 2 
Cells and Virus Stocks 
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All neutralization tests were performed using H-9 
cells and HTLV-111B virus (originating from R.C. Gallo 
and supplied by Dr. William Hall, North Shore Hospital, 
Manhasset, New York) . H-9 cells (designated H9 NY) were 
maintained in RPMI Medium (Gibco) supplemented with 20% 
fetal calf serum (FCS) , penicillin/streptomycin 
(PEN/STREP 50 pg/ml each and without any fungicides) . 
Cells were subcultured at a dilution of 1:3 every 4 days. 

Cells were scraped from the plates and pelleted by 
centrifugation at 325 x g. Pelleted cells were 
resuspended in 1 ml of stock virus previously diluted 
1/10 and allowed to adsorb for 60 min at 37 °C with 
frequent stirring. After adsorption of the virus, the 
cells were recentrifuged and resuspended in 10 ml of RPMI 
with 20% FCS and polybrene (2 jig/ml) (giving a final 
concentration of 5xl0 5 cells/ml) and incubated at 37 °C in 
5% C0 2 . 

Infected cells were shown to be detectable at 4-5 
days post-infection (p.i.) by monitoring syncytia 
formation, positive cells in immunof lourescence and p-24 
production (assayed by the Abbott p-24 antigen test) . 
The peak of HIV production was seen 10 - 15 days p.i. at 
which time virus was collected. After low speed 
centrifugation to remove debris, supernatants containing 
virus collected from infected cells were frozen in stocks 
at -90°C. One virus stock with endpoint titer of 40,000 
50% tissue culture infective doses (TCID 50 ) was used 
throughout the studies (referred to as NT3-NT19) . 



Peptides according to the present invention were 
covalently coupled to ovalbumin grade V (Sigma, St. 
Louis, MO, USA) at an approximate 10:1 
(peptide: ovalbumin) molar ratio using N-succinimidyl 



Example 3 

Preparation of Peptides for Immunization 
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3-( 2 -pyridyldithio, propionate (SPDP, . (Pharmacia. 
Uppsala Sweden, as Afunctional linger according to the 

HaHjPO,, p„ 8 .s, . ^ dissolved ovalbUBin 

through a Sephadex G - 25M column (Pharmacia, Sweden, 

using the same buffer. Proteln concentration ^ ' 

10 "s'Lllv T° " m ^ *"* re=OVery MS SPDP 
of 40 T ln " ethan01 t0 8 final — ntration 

thefllft T Stirring - 11,6 ^-ovalbumin mixture „ as 
then left at roc temperature for approximately 30 

» ^-rjr^r r jug r was s ~ d — 

sephad G . 25M col — I - e — : 

of substation for the ovalbumins oonjugate J"*" - 

watTT a " er dilUti " 9 50 1,1 * » - Of 

*0 ^e " eaSUrin ' the «U«f« conjugate at 2S0 nm and 

(stair: ,° 0njU,ate PlUS 100 " X ""hiothreito! 0W> 

addeT! ^ ° rder tD deteraine «» amount to be 

added to the peptide solution. 

Finally, the synthetic peptide to be coupled to th. 
ova bunin SPD p conjugate _ ^ - th 

of Iv ™\ «* 1 mg,ml and a suitable amount 

of ovalbumin-SPDP conjugate (as determined by the 
substitution degree above) was art*.,, * 
ovemloht .* ed and allowed to stand 

overnight at room temperature 



30 



35 



Examp le a 

Hassan tlWtcm n r l. were used to generate anti- 



satl!' t0 ^ lnltial PePtlde ^-"on a blood 

Z£ ^ ™ fr ° B ^ " 0nkeys - -"iai blood 

sample „ termed "pre-immune- (Tables 3-6, and is used as 
an internal control and analysed simultaneously with 
respective immuneserum. 
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The monkeys were injected with 100 /xg peptide-SPDP- 
ovalbumin suspended in 0.5 ml phosphate buffered saline 
(PBS) . The monkeys were immunized intramuscularly three 
times, three weeks apart. As adjuvant, 0.5 ml of 
5 Freund's complete adjuvant was used for all 

immunizations. Two weeks after the final immunization 
the monkeys were bled and pre- immune and hyperimmune sera 
were subject to neutralization assays as described in 
Example 5 . 

10 Example 5 

HIV-1 Neutralization Assay 
Sera containing antibodies that neutralize HTLV 
111-B infectivity were detected by their ability to 
prevent HIV-l syncytium formation, p-24 antigen 

15 production and decreased number of infected cells as 
determined by immunof lour escence markers, compared to 
control infections lacking peptide specific antisera. 
Stock virus, described in Example 2 was diluted to 100 
TCIDjq and mixed with serial fourfold dilutions (1/5, 

20 1/20, and 1/80) of complement-inactivated immunesera 
obtained from the monkeys immunized as described in 
Example 4. As a positive control, a guinea pig 
hyperimmune serum (referred to as MSV) with known HIV 
neutralizing titer of 1/40 - 1/160 was included in all 

25 experiments (kindly provided by Prof. B. Morein, Dept. 
Veterinary Virology, BMC, Uppsala, Sweden) . After 
incubation for 60 min at 37 °C or 16 hours at 4°C, the 
serum-virus mixture was added to lxlO 6 H-9 cells and 
incubated for another 60 min at 37 °C. Following 

30 incubation, the cells were washed once and placed in 24 
well multidish plates with 2 ml of growth medium (RPMI, 
10% FCS, 2 fig polybrene/ml) per well. 

Cells were examined under the microscope (magnifica- 
tion x 200) for the presence of syncytia on days 5-12 

35 p.i. Supernatants from infected cells were assayed for 
the presence of p-24 antigen according to the 
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ZZ?tZ* r ' S inStrUCt±0nS aa test HXVAO-x., 

Enzyme Immunoassay for the Detection of Human 
Immunodeficiency virus Type I r H lv--n • 

PlasM) ln tenf - J- - . - — 

indicating W^h ™ " lth hi9her abs «>»n=e values 

end 0^ ""^ ° f MllS Were ^erMined at the 

T xa llT7 lm T (usuallY on day 15 p - i - ) * 

fixation of cells on slides adopted for 
i.munef lourescence (IP) . An in(Jireot 

*0 " dlVidUals — * fluorescein isothiocyanate 

(FITC) labeled antihuman l gG antibody (Bio-Merieux 
France) diluted l/ioo. Tabl^= , * 1 "erieux 
obtains Tables 3-6 show the results 

crd^h™::: - r-— - - 

5 sut,e™« T T 8S 3(A " D> " 6 *" V2i anti « en of the 

^ wherein the percentages are represented 

positive cells. gen 

With TablS - 3A (HIV " T3P1 - XLS ) depicts the results obtained 
With sera derived fro* „ OI *evs i»uni Z ed with peptides 
WMO-l - wlao -io. The cells used were H* HV and the 
Virus used was HTLV-hib, Batch „ described in 
Example 2 . Tha incubatio „ protocol 
serum, incubation at 37-c for one hour. 
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Table 3B (HIVNT4P1.XLS) depicts the results obtained 
with sera derived from monkeys immunized with peptides 
gpl20-ll - gpl20-2 0. The cells used were H9 NY and the 
virus used was HTLV-IIIB, Batch 18 described in 
5 Example 2. The incubation protocol was (virus plus 
serum) incubation at 37 °C for one hour. 

Table 3C (HIVNT5P1.XLS) depicts the results obtained 
with sera derived from monkeys immunized with peptides 
gpl20-21 - gpl20-30. The cells used were H9 NY, and the 
10 virus used was HTLV-IIIB, Batch 18 described in Example 
2. The incubation protocol used was (virus plus serum) 
incubated at 3 7 °C for one hour. 

Table 3D (HIVNT6P1.XLS) depicts the results obtained 
with sera derived from monkeys immunized with peptides 
15 gpl20-31 - gpl20-40. The cells used were H9 NY and the 
virus used was HTLV-IIIB, Batch 18 described in 
Example 2. The incubation protocol was (virus plus 
serum) incubation at 37 °C for one hour. 

Table 4 (HIVTAB4.XLS) shows the results of the first 
2 0 ret est of putative neutralizing antibodies as determined 
by the first test (Tables 3A-D) . In each test the virus 
used was HITLV-IIIB, Batch 18 and the cells used were H9 
NY- The First Retest results in rows 1-19 are the 
results of neutralization test number 5. The incubation 
25 protocol was incubation at 37°C for one hour. The First 
Retest results in rows 2 0-32 are the results of 
neutralization test number 7. The incubation protocol 
was incubation of at 37 °C for one hour. 

Table 5 (HIVTAB5.XLS) shows second, third and fourth 
30 retest results of the positive peptides. In each test 

the virus used was HTLV-IIIB Batch 18 and the cells used 
were H9 NY. The Second Retest results in rows 1-4 are 
the results of neutralization test number 7. The 
incubation protocol was incubation at 37 °C for one hour. 
35 The Second Retest results in rows 5-13 are the results of 
naturalization test number 12. The Third Retest results 
shown in rows 14-16 are the results of neutralization 
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tlVTZl h ThS lnCUbati ° n PrOt0 « 1 - *-™ on 

17-3, are L ""^ " sults *» «-» 

17 39 are the results of neutralisation test number 16 
The incubation protoool was at 4-0 for 16 
> second Retest results in rows 40-53 are the «sult^f 
neutralization test 19 • result of 

„, . St 19 " The mcubation protocol was 
cells plus virus at 4° for 16 hours. 

Table 6 (HIVKOMBP.XLS, shows the neutralization 

10 « Y reSUltS W " h COBblned »^i-une sera. „o^ that 
10 ^incubation of virus and cells was at 4-c f or 7 

that the "7? d6PiCted ^ TabUS 3(A - D) - 6 

product * ° f ^ P " Sent inVentio " «iclt the 

production of HI V neutralizing antibodies in private 

h2: cts ;- ^ use ° f the peptiaes *» vaccina::::: 

T 1S theret ° re t= prevent 

i n" \ * V ° r t0 indUCe i—e response 

in sub 3 ects already infected by HIV. ssponse 
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0.86 


0.486 


0.257 


0.466 
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1/320 
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Pos control 


Pos control 
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Claims 



1 l, A peptide having at least one epitope recognized by 

2 antibodies specific to human immunodeficiency virus, 

3 said epitope being within the amino acid sequence: 

4 X-Gly-Glu-Ile-Lys-Asn-Cys-Ser-Phe-Asn-Ile-Ser-Thr- 

5 Ser-Ile-Arg-Gly-Lys-Val-Gln-Lys-Glu-Tyr-Ala-Phe-Phe- 

6 Y-Z and analogues and homologs of said sequence. 

1 2. The peptide according to claim 1 wherein X is 

2 selected from the group consisting of a hydrogen 

3 atom of the amino terminal NH 2 group of the peptide 

4 and an additional amino acid selected to facilitate 

5 coupling of the peptide to a carrier; Y is absent 

6 or cysteine and Z is selected from the group 

7 consisting of the carboxyl group of the car boxy 

8 terminal amino acid and an amido group. 

1 3. A peptide having at least one epitope recognized by 

2 antibodies specific to human immunodeficiency virus, 

3 said epitope being within the amino acid sequence: 

4 Gly-Glu-Ile-Lys-Asn-Cys-Ser-Phe-Asn-Ile-Ser-Thr- 

5 Ser-Ile-Arg-Gly-Lys-Val-Gln-Lys-Glu-Tyr-Ala-Phe-Phe 

6 and analogues and homologs of said sequence. 

1 4. A peptide having at least one epitope recognized by 

2 antibodies specific to human immunodeficiency virus, 

3 said epitope being within the amino acid sequence: 

4 X-Leu-Thr-Ser-Cys-Asn-Thr-Ser-Val-Ile-Thr-Gln-Ala- 

5 Cys-Pro-Lys-Val-Ser-Phe-Glu-Pro-Ile-Pro-Ile-His-Tyr- 

6 Cys-Y-Z and analogues and homologs of said sequence. 

1 5. The peptide according to claim 4 wherein X is 

2 selected from the group consisting of a hydrogen 

3 atom of the amino terminal NH 2 group of the peptide 

4 and an additional amino acid selected to facilitate 

5 coupling of the peptide to a carrier; Y is absent 
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or cystine and z is selected from the group 
consisting of the carboxyl group of the carboxy 
termmal amino acid and an amido group. 

™ haVin * «* lMst «- epitope recognized by 

said elT ° t0 hU " an 1 ~ m od *«=«ncy virus, 

said epitope being within the amino acid sequence- 

Leu-Thr-Ser-Cys-Asn-Thr-Ser-Val-He-Thr-Gln^l^s- 
Pro-.ys-Val-Ser-Phe-olu-Pro-xle-Pro-x^-His-Tyr-^ 
and analogues and homologs of said sequence. 

Ltir^ 6 haVi " 9 " lMSt °" e epit ° pe by 
antibodies specific to human immunodeficiency virus 

X P^-Lys-Val-Ser-Phe-Glu-Pro-Ile-Pro-Ile-His-Tyr- 
V z and analogues and homologs of said peptide. 

The peptide according to claim 7 wherein X is 
selected from the group consisting of a hydrogen 
atom of the amino terminal m,, g roup of the peptide 
and an additional amino acid selected to facilitate 
-uplin, of the peptide to a carrier; y is absent 
or cysteine and z is selected from the group 
consisting of the carboxyl group of the carboxy 
terminal amino acid and an amido group. 

anting haVl " 9 ^ lMSt ° M ePlt ° Pe "o°Sni3ed by 
antibodies specific to human immunodeficiency virus 
said epitope being with', the amino acid sequenced 

Pro-^ys-Val-Ser-Phe-Glu-Pro-Ile-Pro-Ile-His^r-Cys- 

Ala-Pro-Ala-Gly-Phe-Ala-lle-Leu-Lys-cys-Asn-Jn 
and analogues and homologs of said peptide. 

anttbl 1 * 6 haVi " 9 ^ lMSt eP±t0pe "«>gni 2 ed by 

antibodies specific to human immunodeficiency virus 
said epitope being within the amino acid sequence: ' 
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4 X^Thr-His-Gly-Ile-Arg-Pro-Val-Val-Ser-Thr-Gln-Leu- 

5 Leu-Leu-Asn-Gly-Ser-Leu-Ala-Glu-Glu-Glu-Y-Z 

6 and analogues and homo logs of said sequence. 

1 11. The peptide according to claim 10 wherein X is 

2 selected from the group consisting of a hydrogen 

3 atom of the amino terminal NH 2 group of the peptide 

4 and an additional amino acid selected to facilitate 

5 coupling of the peptide to a carrier; Y is absent 

6 or cysteine and Z is selected from the group 

7 consisting of the carboxyl group of the carboxy 

8 terminal amino acid and an amido group. 

1 12. A peptide having at least one epitope recognized by 

2 antibodies specific to human immunodeficiency virus, 

3 said epitope being within the amino acid sequence: 

4 Thr-His-Gly-Ile-Arg-Pro-Val-Val-Ser-Thr-Gln-Leu- 

5 Leu-Leu-Asn-Gly-Ser-Leu-Ala-Glu-Glu-Glu 

€ and analogues and homologs of said sequence. 

1 13 . A vaccine composition comprising an immunologically 

2 effective amount of a peptide having at least one 

3 epitope recognized by antibodies specific to human 

4 immunodeficiency virus, said epitope being within 

5 the amino acid sequence: 

6 X-Gly-Glu-Ile-Lys-Asn-Cys-Ser-Phe-Asn-Ile-Ser-Thr- 

7 Ser-Ile-Arg-Gly-Lys-Val-Gln-Lys-Glu-Tyr-Ala-Phe-Phe- 

8 Y-Z and analogues and homologs of said sequence and 

9 a physiologically acceptable carrier therefor. 

1 14 . The composition according to claim 13 wherein X is 

2 selected from the group consisting of a hydrogen 

3 atom of the amino terminal NH 2 group of the peptide 

4 and an additional amino acid selected to facilitate 

5 coupling of the peptide to a carrier; Y is absent 

6 or cysteine and Z is selected from the group 
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A vaccine composition comprising an immunologically 
effective amount of a peptide having at least one 
epitope recognized by antibodies specific to human 
immunodeficiency virus, said epitope being within 
the amino acid sequence: 

X-Leu-Thr-Ser-Cys-Asn-Thr-Ser-Val-iie-Thr-Gln-Ala- 

Cys-Pro-Lys-Val-Ser-Phe-Glu-Pro-Ile-Pro-Ile-His-Tyr- 
Cys-Y-Z and analogues and homologs of said sequence 
and a physiologically acceptable carrier therefor. 

The composition according to claim 15 wherein X is 
selected from the group consisting of a hydrogen 
atom of the amino terminal NH 2 group of the peptide 
and an additional amino acid selected to facilitate 
coupling of the peptide to a carrier; y is absent 
or cysteine and Z is selected from the group 
consisting of the carboxyl group of the carboxy 
terminal amino acid and an amido group. 

A vaccine composition comprising an immunologically 
effective amount of a peptide having at least one 
epitope recognized by antibodies specific to human 
immunodeficiency virus, said epitope being within 
the amino acid sequence: 

X-Pro-Lys-Val-Ser-Phe-Glu-Pro-ile-Pro-ile-His-Tyr- 
Cys-Ala-Pro-Ala-Gly-Phe-Ala-Ile-Leu-Lys-Cys-Asn- 
Asn-Y-Z and analogues and homologs thereof and a 
physiologically acceptable carrier therefor. 

The composition according to claim 17 wherein x is 
selected from the group consisting of a hydrogen 
atom of the amino terminal NH 2 group of the peptide 
and an additional amino acid selected to facilitate 
coupling of the peptide to a carrier; y is absent 
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6 or cysteine and Z is selected from the group 

7 consisting of the carboxyl group of the carboxy 

8 terminal amino acid and an amido group. 

1 19. A vaccine composition comprising an immunologically 

2 effective amount of a peptide having at least one 

3 epitope recognized by antibodies specific to human 

4 immunodeficiency virus, said epitope being within 

5 the amino acid sequence: 

6 X-Thr-His-Gly-Ile-Arg-Pro-Val-Val~Ser-Thr-Gln-Leu- 

7 Leu-Leu-Asn-Gly-Ser-Leu-Ala-Glu-Glu-Glu-Y-Z 

8 and analogues and homologs of said sequence and a 

9 physiologically acceptable carrier therefor. 

1 20. The composition according to claim 19 wherein X is 

2 selected from the group consisting of a hydrogen 

3 atom of the amino terminal NH 2 group of the peptide 

4 and an additional amino acid selected to facilitate 

5 coupling of the peptide to a carrier; Y is absent 

6 or cysteine and Z is selected from the group 

7 consisting of the carboxyl group of the carboxy 

8 terminal amino acid and an amido group. 

1 21. A vaccine composition comprising an immunologically 

2 effective amount of at least two peptides wherein 

3 each peptide has at least one epitope recognized by 

4 antibodies specific to human immunodeficiency virus, 

5 said epitope being within the amino acid sequences: 

6 X-Gly-Glu-Ile-Lys-Asn-Cys-Ser-Phe-Asn-Ile-Ser-Thr- 

7 Ser-Ile-Arg-Gly-Lys-Val-Gln-Lys-Glu-Tyr-Ala-Phe-Phe- 

8 Y-Z; 

9 X-Leu-Thr-Ser-Cys-Asn-Thr-Ser-Val-Ile-Thr-Gln-Ala- 

10 Cys-Pro-Lys-Val-Ser-Phe-Glu-Pro-Ile-Pro-Ile-His-Tyr- 

11 Cys-Y-Z; 
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12 ^^^-n-^l^lu-Pr^xi^Pre-u^^ 



X-Thr-His-Giy-iie-Arg-Pro-Val-Val-Ser-Thr-Gln-Leu- 
Leu-Leu-Asn-Gly-Ser-Leu-Ala-Glu-Glu-Glu-y-z 

and analogues and bowlegs of said sequences and a 
Physxologically acceptable carrier thereof. 

The composition according to claim 21 wherein x is 
selected from the group consisting of a hydrogen 
atom of the amino terminal NH 2 group of the peptide 
and an additional amino acid selected to facilitate 
coupling of the peptide to a carrier; y is J£T 
or cysteine and z is selected from the group 
consisting of the carboxyl group of the carboxy 
terminal amino acid and an amido group. 
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The general problem underlying the invention is 
not novel -and a solution to it has already been 
found or does not involve an inventive step having 
» regard to to the state of the art as illustrated by: 

a. US, A, 4 943 628 (see in particular table 1). 

b. WO, Al f 87/07616 (see claims 1-6, fig 1 and pace 9 

lines 26-33) 

Thus peptides from the region aa 150-300 of cpl20 as veil 

as mixtures of the peptides with other immunogenic peptides 

are known candidates for vaccine production. 

Therefore, the original single general inventive concept 

is not acceptable anymore, making it necessary to reconsider 

the technical relationship between the different solutions 

mentioned . 

This leads to their regrouping under distinct subjects as 
listed below, each subject new falling under its own inventive 
concept . 

1. Claims' 1-3,13,14,21 and 22 relate to a peptide GIKNCS.... 
. .QKEYAFF and homologs or analogs thereof and a vaccine 
composition comprising the peptide or mixtures comprising 
the peptide. 

2. Claims 4-6, 15,16,21 and 22 relate to a peptide LTSCN.... 
. .PIHYC and homologs or analogs thereof and a vaccine 

compostition comprising the peptide or mixtures comprising 
the peptide. 

3. Claims 7-9,17,18,21 and 22 relate to a peptide PKVSF.... 
...LKC.KN and homologs or analogs therof and a vaccine 
composition comprising the peptide or mixtures comprising 
the peptide. 

4. Claims 10-12 and 19-22 relate to a peptide THSIR . . . . SLAEEE 
and homologs or analogs thereof and a vaccine composition 
comprising the peptide or mixtures comprising the peptide. 
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